Genetic similarity among soybean genotypes was studied by applying the amplified fragment length polymorphism (AFLP) technique to 317 soybean cultivars released in Brazil from 1962 to 1998. Genetic similarity (GS) coefficients were estimated using the coefficient of Nei and Li (Nei and Li 1979) , and the cultivars were clustered using the unweighted pair-group method with averages (UPGMA). The parentage coefficients of 100 cultivars released between 1984 and 1998 were calculated and correlated with the genetic similarity obtained by the markers. The genetic similarity coefficients varied from 0.17 to 0.97 (x = 0.61), with 56.8% of the coefficients being above 0.60 and only 9.7% equal to or less than 0.50. The similarity coefficients have remained constant during the last three decades. Dendrogram interpretation was hindered by the large number of cultivars used, but it was possible to detect groups of cultivars formed as expected from their genealogy. Another dendrogram, composed of 63 cultivars, allowed a better interpretation of the groups. Parentage coefficients among the 100 cultivars varied from zero to one (x = 0.21). However, no significant correlation (r = 0.12) was detected among the parentage coefficients and the AFLP genetic similarity. The results show the efficiency of AFLP markers in large scale studies of genetic similarity and are discussed in relation to soybean breeding in Brazil.
Introduction
Knowing the degree of genetic similarity among different genotypes is of fundamental importance for efficient plant breeding programs. Such information is useful for organizing a working collection, identifying heterotic groups, and selecting parents for crosses.
The parentage coefficient (Malécot, 1947) based on information regarding genotype genealogy has been used to estimate genetic similarity and to study the genetic structure of cultivated soybean germplasm. Pedigree analyses of American germplasm showed a high level of genetic relationship (Delannay et al., 1983) , but more recent studies have revealed that cultivars from the north and south of the United States have contrasting genetic bases (Gizlice et al., 1996) . These studies also showed that the genetic diversity of North American soybean germplasm as a whole has been reduced over the last 50 years (Gizlice et al., 1993) . Pedigree analyses have also shown a narrow genetic base in Brazilian soybean germplasm (Vello et al., 1988) , although the use of Malécot's coefficients depends on the availability and precision of genealogical information.
Genetic diversity between individuals may be directly estimated by using biochemical and molecular markers, although the use of biochemical markers, such as isoenzymes, has been hindered in soybean by the low degree of polymorphism in this specie (Cox et al., 1985) . This problem has been overcome by using molecular markers. Sneller et al. (1997) clearly separated elite American lines from the north and south using restriction fragment length polymorphism (RFLP) markers. This technique has also been used to study exotic soybean germplasm and it has allowed the identification of different gene pools (Kisha et al., 1998) . Similar studies have been carried out using other types of molecular markers, such as RAPD markers (Abdelnoor et al., 1995; Brown-Guedira et al., 2000) , simple sequence repeat (SSR) markers (microsatellites) (Diwan and Cregan, 1997) and amplified fragment length polymorphism (AFLP) markers (Zhu et al., 1999; Ude et al., 2003) .
A comparative study on the performance of different types of markers in soybean genetic analysis showed that microsatellite markers have a greater degree of polymorphism and, thus, better discrimination between genotypes. However, AFLP markers have greater multiplex efficiency (i.e. a large number of loci can be simultaneously analyzed in a gel) and are considered an efficient tool for distinguishing highly related genotypes (Powell et al., 1996) . As a result of such characteristics, this technique continues to be used in current genetic diversity studies (Oliveira et al., 2004) .
Although genetic diversity studies using molecular markers have been carried out with various types of markers and diverse genotypes, as expected, they confirmed the presence of a larger amount of genetic diversity in exotic germplasm (Zhu et al., 1999) . However, genetic diversity estimates between soybean cultivars obtained using both the parentage coefficient and molecular markers, have shown variable results. The magnitude of the correlation between these two estimates was 0.54 to 0.91 in RFLP studies (Manjarrez-Sandoval et al., 1997; Kisha et al., 1998) but Helms et al. (1997) obtained no apparent relationship between the two types of estimates when using RAPD markers. Abdelnoor et al. (1995) reported some cases of discrepancy in the genetic distance between Brazilian cultivars analyzed by RAPD and by pedigree, in spite of overall agreement in the data. Since molecular marker measurements are a direct measure of the genetic distance it is possible that these discrepancies reflect errors related to pedigree assessments.
Analysis of Brazilian soybean germplasm by molecular markers has been reported. Abdelnoor et al. (1995) , assessing the molecular marker approach using the RAPD technique to measure the genetic diversity of 30 Brazilian cultivars, found five different subgroups. However, the application of these results in a breeding program was hindered by the reduced number of genotypes used in the study. Recently, alleles of 12 microsatellite loci of 186 Brazilian soybean cultivars were used to morphologically distinguish similar groups and their use allowed the determination of 184 profiles for all cultivars (Priolli et al., 2002) . Our present study was carried out to investigate the use of AFLP markers in the genetic similarity analysis of 317 soybean cultivars released in Brazil from 1962 to 1998.
Material and Methods

Genetic material
We investigated 317 soybean cultivars released in Brazil between 1962 and 1998 (Table 1) . The genetic material was obtained from the Active Germplasm Bank of the National Soybean Research Center of the Brazilian Corporation for Agriculture Research (Embrapa Soja), Londrina, PR, Brazil.
DNA extraction and quantification
For each cultivar, 30 leaves were collected from different greenhouse-grown plants and immediately frozen in liquid nitrogen and stored at -80°C for subsequent genomic DNA extraction according to Saghai-Maroof et al. (1984) . The DNA concentration was estimated in 0.8% agarose gels by visual comparison of DNA band intensity with undigested lambda DNA standards and the DNA samples were then diluted to 30 ng mL -1 and stored at -20°C until needed.
AFLP genotyping
All AFLP analyses were made with the AFLP Analyses Kit I (Gibco-LifeTechnologies, Rockville, MD, USA) essentially as described in the kit manual. All the amplifications were conducted in a Perkin-Elmer Gene Amp 9600 thermocycler (Perkin-Elmer Corp., Norwalk, CT, USA). The AFLP products were fractionated using 5% (w/v) polyacrylamide sequencing gels, dried and the autoradiography was performed by exposing Kodak Bio Max MR-2 film (Eastman Kodak Co., Rochester NY, USA). Six EcoRI/ MseI primer combinations (E-AAC/M-CAT, E-AAC/M-CTA, E-AAC/M-CTC, E-AAC/M-CTG, E-AAG/M-CTT, and E-ACT/M-CAT) were selected based on the previously reported polymorphism rate (Bonato et al., 2006) .
Data analysis
The DNA bands were scored as 1 (presence) and 0 (absence) based on visual observation and the results entered into an Excel ® . Genetic similarity (GS) was estimated for all genotype pairs using the equation (Nei and Li, 1979) , where GS i,j represents the similarity estimate between the genotypes i and j, based on the AFLP data, N i,j is the total number of bands common to i and j, and N i and N j correspond to the number of bands found in genotypes i and j. The matrix generated with the GS estimates was used to cluster the genotypes in a dendrogram obtained by the unweighted pair group method using arithmetic averages (UPGMA) (Rohlf, 1997) . Cophenetic correlation between GS-matrix and dendrogram cophenetic values was estimated to validate the dendrogram in relation to the original similarity estimates and the binary data matrix analyzed using the NTSYS 2.0 software (Rohlf, 1997) . Bootstrap analysis (Tivang et al., 1994) was used to verify if the number of markers was sufficient to characterize the cultivars for genetic similarity. The procedures for this re-sampling have been described by Barroso et al. (2003) . Cophenetic correlation was obtained by Bionumeric Analyses (Rolhf, 1997) to express the consistence of a cluster. Bonato et al. 693 Genetic similarity among soybean 
Parentage coefficient
The parentage coefficient, f, (Malécot, 1947) estimates among 100 soybean cultivars released from 1984 to 1998 were based on their respective genealogies (see Vello et al., 1988 for earlier results) and obtained using the PARENT software program (CIAGRI -ESALQ/USP). These cultivars are indicated with an asterisk (*) in Table 1 . One hundred cultivars were used because this is the maximum number of genotypes that can be assessed by the PARENT software. The estimates were later used to calculate the correlation between the parentage coefficient and the genetic similarity between the respective pairs of cultivars as measured by AFLP.
Results and Discussion
AFLP analysis
The six primer combinations used to analyze the 317 cultivars generated 394 bands, 78 (19.8%) of those were found to be polymorphic among genotypes ( Table 2 ). The average number of polymorphic markers per primer combination was 13, varying from six to 25. The EcoRI-AAC/MseI-CTC and EcoRI-AAC/MseI-CAT markers generated the highest levels of polymorphism, 18 (34.6%) and 25 (30.1%) respectively. Maughan et al. (1996) detected 274 (36%) AFLP polymorphic bands among Glycine max and Glycine soja accessions and an average of 18 polymorphic bands per primer combination, considering accessions of both species, with most (31%) of the polymorphism occurring in Glycine soja accession and only 17% in Glycine max.
In our study, although we considered only adapted Glycine max cultivars the level of polymorphism found (19.8%) clearly indicated the genetic similarity among the genotypes. Our results confirm previous findings demonstrating that AFLP is a molecular technique that detects polymorphism in multiple loci, generating a vast number of reproducible markers in a short period of time (Maheswaran et al.,1997) and is a powerful tool for screening highly related genotypes (Powell et al., 1996) . According to Zhu et al. (1999) , the most polymorphic primer combinations were EcoRI-AAC/MseI-CTC (53%) and EcoRI-AAC/MseI-CAT (50%). These same authors reported a greater polymorphism frequency compared to that found by us, probably because Zhu et al. (1999) were dealing with adapted and non-adapted Glycine max and Glycine soja accessions. Their results, however, are in line with those obtained in our study and confirm that these two primer combinations are highly informative for analysis of Brazilian soybean germplasm.
AFLP estimates of genetic similarity
We constructed a similarity coefficient matrix from the genetic similarity calculations for the 317 genotypes. Figure 1 shows the frequency distribution of the coefficients, the average coefficient among all genotypes was 0.61, ranging from 0.17 for the Nobre and Bossier cultivars to 0.97 for the FT-Cristal and FT Cristalina cultivars. We also found that 56.8% of the estimated coefficients had values greater than 0.60, reflecting the high degree of genetic similarity among the cultivars used in this study. However, 9.7% of the coefficients were equal to or less than 0.50, and can be exploited for divergent parent selection.
High genetic similarity among Brazilian soybean cultivars was also detected by Abdelnoor et al. (1995) , who used RAPD analysis and obtained a mean GS coefficient of 0.82 with a range of 0.69 to 1.00. The most divergent cultivars were Tropical and UFV-6, whereas the most similar cultivars were Ocepar-9 and Paranagoiana. Other studies using AFLP have also shown high similarity among adapted Glycine max genotypes. For example, Maughan et al. (1996) found similarity values ranging from 0.74 to 1.00. Zhu et al. (1999) , although observing high similarity coefficients between Glycine max and Glycine soja accessions (0.60 to 0.94), emphasized the greater similarity of Glycine max cultivars. However, Priolli et al. (2002) used SSR markers and found GS values ranging from 0.18 to 0.59 in a group of 186 Brazilian soybean cultivars, this 696 Genetic similarity among soybean level of genetic similarity being lower than that found in our study. One of the concerns about GS estimates is the number of markers required for sampling the genome. We obtained an average coefficient of variation (CV) of 7.7% by bootstrap analysis with the 78 markers used in our AFLP analysis (Figure 2 ) and the CV decreased as the sample size increased, indicating that the accuracy of genetic similarity estimates increases if the number of polymorphic loci is increased. Logarithmic transformation of mean CV and sample size established a linear relationship between the two variables and, consequently, the regression equation showed that with 100 polymorphic loci a mean CV of 6.7% would be obtained (Figure 3) , an insignificant increase in the precision of the estimates. Pejic et al. (1998) reported a comparative analysis of genetic similarity in maize, using RFLP, RAPD, AFLP, and SSR markers, and found coefficients of variation of 5% and 10% for the four types of markers with 150 polymorphic bands. These authors consider this to be a sufficient number of markers to estimate similarity with high accuracy. Moser and Lee (1994) suggested that species with a polymorphism index lower than that found in maize have a lower standard error in these estimates, which means that less loci need be assessed for the same level of precision. In the present study, the results obtained by bootstrap analysis show that the number of AFLP markers was sufficient to characterize soybean cultivars for their genetic similarity.
Genetic diversity of 317 Brazilian soybean cultivars released between 1962 and 1998
The impact of Brazilian genetic breeding programs on soybean genetic diversity over 36 years was investigated using the GS coefficients after grouping the cultivars into three periods according to their release to the market. In the first period we considered 48 cultivars released between 1962 and 1980, in the second period 122 cultivars released between 1981 and 1990, and in the third period 121 cultivars released between 1991 and 1998. We disregarded 26 cultivars because their release date was not available. Table  3 shows that the mean values remained practically constant for the three periods, indicating that the genetic diversity of cultivars developed in the Brazilian breeding programs maintained a similar level of genetic similarity throughout the years. This contrasts with the findings of Kisha et al. (1998) who assessed genetic diversity among different USA soybean gene pool using RFLP and found that the diversity among elite cultivars, as compared to ancestral genotypes, was declining over time as a consequence of breeding effects.
In spite of the narrow genetic base found in soybean cultivated in Brazil and the relatively high similarity among cultivars, substantial genetic gains in terms of productivity have been obtained for grain yield and other traits. Similar facts have occurred in the USA breeding programs (Hiromoto and Vello, 1986) . In a soybean breeding program in the Brazilian state of Paraná Toledo et al. (1990) estimated mean annual increased productivity due to genetic gains from 1981 to 1986 of 1.8% for an early maturity group and 1.3% for an intermediate maturity group of cultivars. In a study of soybean cultivars widely grown in the southern Brazilian state of Rio Grande do Sul during different periods Rubin and Santos (1996) concluded that there has been a mean genetic gain of 19 kg ha -1 y -1 over the last 40 years, equivalent to 1.1% per year. Rubin and Santos also noted that these gains have been decreasing over the years as a re- Bonato et al. 697 Figure 2 -Mean coefficient of variation of the genetic similarity coefficients among 317 soybean cultivars, according to the number of resampled AFLP loci, using the bootstrap technique. 
UPGMA grouping of the 317 soybean cultivars based on GS estimates
The GS estimates for the 317 cultivars were used to generate a UPGMA dendrogram (Figure 4 ). In spite of the large numbers hindering the assessment of similarities between each pair of cultivars, the dendrogram allowed the detection of groups of cultivars with expected genetic similarity corresponding to their genealogy. These results support the previously noted efficiency of AFLP markers for estimating genetic similarity among soybean genotypes. Knowing the genealogy of cultivars was essential for the interpretation of the dendrogram, a fact in line with other studies (Abdelnoor et al., 1995; Diwan and Cregan, 1997; Priolli et al., 2002) .
As expected, the genetic similarity (GS) coefficients and the dendrogram showed that cultivars derived from natural mutation had high similarity coefficients. The Paranagoiana and Ocepar 9-SS1 cultivars, mutants of the Paraná cultivar, had similarity coefficients of 0.95. The São Carlos mutant cultivar had a genetic similarity coefficient of 0.83 with respect to the original Davis cultivar, while the UFV-1 mutant cultivar shared a coefficient of 0.67 with the original Viçoja cultivar. The magnitude difference between genetic similarity coefficients observed for the different mutants seems to indicate either that not all mutations giving rise to the mutant genotypes were single point mutations or they that these cultivars may not actually be mutants. However, the Paranagoiana and Ocepar 9-SS1 cultivars are known to be mutants of the Paraná cultivar, this having been demonstrated by the electrophoresis and isoenzyme studies of Derbyshire et al. (1990) .
The GS estimates for cultivars derived from other cultivars also showed many cases of similarity. Examples were found in the FT-Cristal and FT-Bahia cultivars, which had GS coefficients of 0.97 and 0.87, respectively, compared with the FT-Cristalina cultivar from which they were selected. Similarly, the Ocepar-8 cultivar showed high similarity (0.90), when compared to the Paraná cultivar from which it was selected. However, in some instances, low similarity was found between putatively related cultivars, as in the case of the IAS 5 cultivar, which had been separated into two types according to pod color (dark pod IAS 5 and pale pod IAS 5) by researchers at the Embrapa National Soybean Research Center (Personal Communication). Our AFLP analysis indicated that these two cultivars must diverge in other genes besides those defining pod color because the AFLP GS coefficient between them was only 0.63. However, we also found that the FT-2 cultivar, derived from a selection within the IAS 5 cultivar, was closer (GS = 0.78) to the pale pod IAS 5cultivar than to the dark pod IAS 5 cultivar (GS = 0.65). These data indicate that the AFLP technique is highly discriminating for cultivar differentiation even among closely related genotypes. Diwan and Cregan (1997) analyzed soybean genotypes using 20 microsatellite markers but were unable to separate the Ilini genotype from the its ancestral AK Harrow genotype.
Among cultivars derived from the same cross-sister cultivars, there were several cases of agreement between GS coefficients and their allocation in the same group. Cultivars MT/BR-50 (Parecis), MT/BR-51 (Xingu), MT/BR-52 (Curió) and MT/BR-53 (Tucano), derived from the BR 83-9520-1 (2) x FT-Estrela cross, had genetic similarity coefficients greater than 0.80. There was a similar situation for the UFV-2, UFV-3, UFV-4 and UFV-Araguaia cultivars, derived from the Hardee x IAC-2 cross, whose coefficients were greater than 0.83. Among the FT-5, FT-10, FT-14 and FT-15 cultivars, derived from the FT-9510 x SantAna cross, the GS coefficients varied from 0.71 to 0.93. Cultivars Embrapa 59, Embrapa 60, Embrapa 61, and BRS 66, all derived from the FT-Abyara x BR 83-147 cross had GS coefficients greater than 0.75. Additionally, the BRS 133, BRS 135, BRS 158, MS/BR-57 (Lambari) and MS/BRS-171 (Campo Grande) cultivars, also selected from the FT-Abyara x BR 83-147 cross, had GS coefficients lower than 0.65 as compared to their Embrapa 59, Embrapa 60, Embrapa 61, and BRS 66 sister cultivars. We attributed these differences in similarity among the sister cultivars to selection effects. Abdelnoor et al. (1995) also found similarities at several levels between cultivars derived from the same cross.
Cultivars developed from backcrosses had variable GS coefficients, as compared to their recurrent parents. For example, BR-6 (Nova Bragg) and BR-13 (Maravilha) cultivars were obtained from backcrosses (three to Nova Bragg and four to Maravilha) with the Bragg cultivar and had genetic similarity coefficients greater than 0.75 in relation to the Bragg cultivar. The Embrapa 1 cultivar, obtained from six backcrosses to the IAS 5 cultivar, had a genetic similarity coefficient of 0.68 when compared with the dark pod IAS 5 cultivar and 0.54 when compared with the pale pod IAS 5. The Embrapa 4 cultivar, derived from six backcrosses to the BR-4 cultivar, had a similarity coefficient of 0.61 only with BR-4 cultivar. The lower than expected ge-netic similarity between backcross progeny and respective recurrent parents found in our study may be explained by the work of Muehlbauer et al. (1988) , who suggested that these types of effects are caused by the introgression of other markers in the same linkage groups as the transferred gene. Another possibility may be the lower selection pressure applied to recover the genetic characteristics of the recurrent parent.
Dendrogram analysis did not allow the separation of cultivars into groups based on the geographic distribution of their release sites or recommended planting sites, although the RFLP analyses of Kisha et al. (1998) showed a clear separation between soybean cultivars from the north and south of the USA and greater similarity among the genotypes from the south. The results of Kisha et al. (1998) were probably due to the fact that the cultivars from each region in the USA were derived from distinct ancestral groups, whereas in Brazil there are no such expected differences because the cultivars developed at different locations were derived from the same ancestral group (Romeu KiihlPersonal Communication).
In most of the cases discussed above not only was the similarity indicated by the GS coefficients greater than that displayed in the dendrogram but some cultivars with high GS coefficients were placed in different groups in the dendrogram. For example, this occurred with the Pirapó 78 and Nova IAC-7 cultivars, which, even with coefficients of 0.82, were allocated to distinct groups of the respective parental cultivars Paraná and IAC-7. Possible causes for such discrepancies could be the large number of very closely genetically related genotypes analyzed and the low cophenetic correlation obtained for the original coefficients compared to that estimated by grouping (r = 0.60). Powell et al. (1996) obtained a cophenetic correlation of 0.78 among Glycine max accessions using AFLP markers, but the value rose to 0.96 when accessions of this species were considered together with Glycine soja accessions. In Powell's study, the lower cophenetic correlation observed among Glycine max accessions may have been due to the greater genetic similarity of the genotypes of this species. This explanation may be extended to the results of our study in which the cultivars had very similar GS coefficients which may have interfered when the estimates were grouped in the dendrogram.
Grouping of the 62 soybean cultivars based on GS estimates
To simplify the interpretation of the dendrogram, a new dendrogram was constructed using only 62 of the 317 cultivars ( Figure 5 ). The cultivars used included those with ambiguous results regarding their grouping in the previous 317-cultivar dendrogram, as well as those with similarity coefficients of different magnitudes. Cophenetic correlation is also a parameter that expresses the consistency of a cluster by calculating the correlation between the den- Bonato et al. 699 drogram-derived similarities and the matrix similarities. In BioNumerics, the value is calculated for each cluster (branch) thus estimating the faithfulness of each subcluster of the dendrogram. The cophenetic correlation was obtained for the whole dendrogram from the cophenetic correlation at the roots ( Figure 5 ). In the 63-cultivar dendrogram it was easier to visualize groups and there was a small increase in the general cophenetic correlation values from 0.60 to 0.70. In practical terms, these results suggest that parental selection based on genetic diversity may be more effective when soybean breeders use smaller groups of genotypes to calculate coefficients and if genotypes are previously selected based on their qualitative and quantitative agronomic traits. Among cultivars considered discrepant in the previous dendrogram (Figure 4 ) there were pairs of cultivars that were reallocated within the same group, indicating good agreement with their original coefficients. An example of this was the group gathering the Embrapa 32 (Itaqui), Embrapa 33 and Cariri RCH cultivars, all derived from backcrosses to the BR-27 (Cariri) cultivar. A similar situation was observed for cultivar MS/BRS-172 (Tuiuiú) and its recurrent parent (the FT-Cristalina cultivar) with four backcrosses (0.77). The MT/BR-45 (Paiaguás) cultivar, from the cross between Doko x IAC-7, had a GS of 0.79 with cultivar IAC-7 forming a group with cultivars IAC-7 and Nova IAC-7. Another example of improved grouping occurred between the sister cultivars MT/BR-55 (Uirapuru) and MT/BRS-159 (Crixás) in relation to cultivar MT/BR-50, this new group having GS coefficients higher than 0.70.
However, some cultivars remained in different groups in spite of sharing high similarity coefficients, probably reflecting deficiencies in the grouping approach, as shown by the moderate cophenetic correlation value. This could be seen in several cases, such as the groups containing cultivar BR/IAC-21, derived from five backcrosses to the IAC-8 cultivar, with GS coefficients of 0.40; the Coodetec 201 cultivar, derived from five backcrosses to the Ocepar 4 (Iguaçú) (0.75); and the two pairs of sister cultivars, .
In spite of such relationship, some cultivars were allocated to different groups because of the low similarity obtained from the AFLP markers, examples being cultivar BRS 137 and the recurrent parent Dourados cultivar, with a similarity coefficient of 0.65, as well as the Embrapa-20 (Doko RC) cultivar, derived from four backcrosses to the Doko cultivar, with a similarity coefficient of 0.63. A similar finding was observed between cultivar UFV-6 and its sister cultivars UFV-5, UFV-9, and UFV-10.
Factors that may affect genetic similarity estimates
Results contradictory to theoretical expectations, based on the genealogy of each cultivar are difficult to explain with certainty, but several sources of error may be found in such studies, e.g. the use of seeds containing ge- Bonato et al. 701 Figure 5 -UPGMA dendrogram based on AFLP similarity coefficients of 62 soybean cultivars and cophenetic correlation at the roots.
netic material not originating from the stated parent plants (extraneous DNA), quality of chemicals and reagents used in the analysis, imprecision in the AFLP analysis, and mistakes in reading and interpreting the polymorphic fragment data. In the present study extraneous DNA was probably the most important source of error, because leaf samples were not taken from a single plant since the use of genetic material taken from a single plant could result in atypical genetic data for that cultivar, this being especially true in the case of sister lines. Several other factors may influence genetic similarity estimates and should be taken into account in studies of this nature. Firstly, the number of markers used can affect the variance in similarity estimate because a marker represents an independent genomic sample (Powell et al., 1996) , although in our study the 78 polymorphic markers used were found to be adequate for the analysis of the 317 cultivars.
Secondly, the distribution of markers in the genome is also an important factor to consider in diversity studies because a good coverage of the genome improves its representation efficiency as well as the comparison between individuals. It is normally assumed that markers are randomly distributed in the genome (Williams et al., 1990) and there is evidence that AFLP provides a wide coverage of the plant genome (Maheswaran et al., 1997) .
Thirdly, the genetic similarity coefficient used may influence how similarity results are interpreted and grouped. For example, while the coefficient of Nei and Li (Nei and Li, 1979) does not consider the absence of bands as evidence of similarity between individuals the simple matching or common distance coefficient (S SM ) of Sokal and Michener (1958) does, which may cause the S SM coefficient to overestimate genetic similarity because the absence of amplification in a dominant marker band common to two genotypes does not necessarily represent genetic similarity among the genotypes (Duarte et al., 1999) . In respect to Jaccard's coefficient (S J ) the Nei and Li coefficient differs only by the double weight it assigns to the occurrence of bands in both of any two analyzed genotypes (Duarte et al., 1999; Mohammadi and Prasanna, 2003) and it thus seems that the Nei and Li coefficient is best suited to the type of analysis discussed in this paper.
Genetic modifications taken as de novo variability may also have an effect on this kind of study, with such modifications occurring because of intra-genic recombination, unequal crossing over, transposon activity and DNA methylation, although these factors are not thought to have been an important source of variability in our study.
Genetic similarity estimates based on the parentage coefficient (f) and correlation between the GS and f coefficients of genetic similarity
The 4,950 parentage coefficients (f) of the 100 soybean cultivars, released from 1984, varied from f = 0 to f = 1, with a mean of 0.21. When f = 0 there is no parentage between cultivars pairs, and this occurred in this study in 294 (5.94%) of the GS estimates. The maximum f coefficient (f = 1) was found in 14 (0.28%) of the cultivars pairs. Vello et al. (1988) estimated the parentage coefficient of each of the 69 cultivars recommended for the 1983/84 growing season and observed a mean coefficient of 0.16. In the USA, cultivars released between 1947 and 1988 showed mean f coefficients of 0.18 for the cultivars from the north and 0.23 for the cultivars from the south (Gizlice et al., 1993) , values considered high. Sneller (1994) reported a similar finding when comparing elite cultivars from the north and south of the United States, as well as a surprisingly low f coefficient (0.10) between northern and southern regions, suggesting that soybean breeders have kept distinct gene pools. Analysis of Chinese soybean cultivars showed a very low f coefficient (0.02), indicating a high degree in genetic diversity of the germplasm of this country (Cui et al., 2000) .
In our study the correlation coefficient between GS and the parentage coefficients (f) was low (r = 0.12) for several reasons. One reason could be the fact that the two types of coefficients are not based on the same type of genetic similarity, because the f coefficient is a mathematical determination based on probabilities, while AFLP molecular markers detect similarities directly at DNA level. Another reason is that the conditions relating to the use of the f coefficient are not always fulfilled when dealing with the germplasm used in plant breeding. In fact, the violation of these assumptions seems to be critical for using this coefficient in the plant breeding context and this may lead to low correlation between f coefficients and genetic marker data. This happens because the f calculation assumes that each parent transfers 50% of its genetic material to its offspring, without considering the effects of selection and genetic drift (Barret et al., 1998) . Only in cases where cultivars are derived from selection within cultivars or by mutation must the f coefficient be equal to 1 (i.e. full similarity) because there is no possibility of a derived cultivar possessing different genes. However, the assumption that f = 0 (i.e. no similarity) when the ancestors of a cultivar do not have parentage in common is not always true and may possibly lead to an underestimation of the relationship between two genotypes. For example, Gizlice et al. (1993) used multivariate analysis to calculate similarity coefficients and found coefficients varying from 0 to 0.88 among North American soybean ancestors. Thus, lack of precise knowledge regarding the genealogy of a cultivar may interfere negatively with f coefficient estimates, a fact that does not occur with molecular markers because they do not require previous knowledge of genealogy for the calculation of genetic similarity.
The correlation between genetic similarity values obtained using markers and parentage (f) coefficients has been investigated in many studies with variable results. Very low correlation values (r = 0.33) were obtained for wheat using RFLP (Barbosa-Neto et al., 1996) , while high (r = 0.97) values were obtained in maize with the same type of marker (Smith and Smith, 1991) . Using AFLP markers, Barret and Kidwell (1998) found a correlation coefficient of 0.42 for wheat, which they explained in a similar manner to that outlined in the previous paragraph.
In this paper, we have presented the first global analysis of genetic similarity in Brazilian soybean germplasm and have shown that AFLP markers are a very rapid, effective and reliable tool for this type of analysis. These findings not only highlight the capacity of the AFLP technique but should also help Brazilian soybean breeders in the selection of parent-plants for their crossing programs.
